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In children, sudden death related to ventricular ar-
rhythmias occurs virtually always in a patient with an
abnormal heart. Therefore, children with ventricalar
tachycardia should be thoroughly investigated by ana-
tomic cardiac catheterization and possibly electrophys-
iologicstudy. Sudden death may occur in a patient who
had been relatively asymptomatic. This especiallyoccurs
in patients after repair of congenital heart disease. The
The prognosis for the child with a ventricular arrhythmia
depends on whether the heart is normal or abnormal. Pre-
mature ventricular complexes occur on the electrocardio-
gram at rest in 2% of childreh with a normal heart. In a
follow-up study (1) now extending to 10 years, this ar-
rhythmia appears to be benign. Even ventricular tachycardia
in the child with a normal heart rarely causes symptoms and
in our patients has not caused sudden death (2). In contrast,
in the child with a ventricular arrhythmia and an abnormal
heart, the prognosis is quite serious. Sudden death from
ventricular arrhythmia occurs in three different pediatric age
groups, in association with three different major etiologies:
1) the infant with a cardiac tumor, 2) the child with a
prolonged QT interval, and 3) the adolescent after repair of
congenital heart disease.
Infant With Ventricular Tachycardia
Approximately 10 years ago, James et al, (:3) and Ferrans
et al. (4) described the pathologic findings in a group of
infants who died suddenly between the ages of 6 and 24
months. They all had a previous history of a rapid arrhyth-
mia that had been diagnosed in the majority as "supraven-
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patient may also never have had documented ventricular
tachycardia, although most have had at least premature
ventricular complexes on a Holter monitor recording.
Finally, sudden death related to ventricular arrhythmias
can often be prevented with vigorous medical and sur-
gical therapy.
(J Am Coil CardioI1985;5:130B-133B)
tricular tachycardia with aberration. " Of these infants, 80%
died within 3 days of the onset of the arrhythmia. Almost
all (90%) of the patients were female. On gross examination,
some of these hearts had tiny nodules throughout the myo-
cardium, mainly in the ventricles. Microsccpically, these
nodules consisted of large cells filled with glycogen. They
have been variously described as Purkinje cell tumors or a
histiocytoid cardiomyopathy.
Incessant ventricular tachycardia. Four years ago, a
20 month old infant was brought to us for treatment of
incessant tachycardia. At the age of 3 weeks, she had been
noted to have signs of low cardiac output with a rapid heart
rate, but this resolved spontaneously. At the age of 15 months,
she had a rapid wide QRS tachycardia that was diagnosed
as supraventricular tachycardia with aberration. She was
given digitalis and within 2 hours had ventricular fibrillation.
This arrhythmia was not responsive to any medical man-
agement and was present throughout the day arid night for
several months. We performed an electrophysiologic study
and found that the arrhythmia was a ventricular tachycardia
with its earliest site of activation at the left ventricular apex.
The rate of tachycardia increased to 440 beats/min and she
became moribund. She was taken to the operating room for
ablation of the area of tachycardia and an unsuspected epi-
cardial tumor nodule was fouhd. This was excised and she
has been in sinus rhythm since. This tumor nodule had the
gross and pathologic findings of either a Purkinje cell tumor
or histiocytoid cardiomyopathy.
Since then, we have seen a total of eight infants younger
than 2 years of age presenting with incessant ventricular
tachycardia. In all, medical management had failed and
electrophysiologic study was performed with mapping of
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the earliest site of activation of the tachycardia. Surgery
was attempted in all eight. In four of the eight, all girls , a
tumor was found (three Purkinje cell tumors and one rhab-
domyoma). In the four boys , no tumors were found ; how-
ever , the area of the tachycardia was excised and cryoab-
lated. In the follow-up period, there were two operative
deaths (in one of the two, the infant had a cardiac arrest
immediately before surgery) . The remaining six patients are
completely free of ventricular tachycardia and were taking
no medication in a follow-up study ranging from 7 months
to 4 years (5) .
Management. Incessant ventricular tachycardia in in-
fancy may be due to a tumor despite a "normal" echocar-
diogram and anatomic cardiac catheterization. It is rare for
ventricular tachycardia to occur before the age of 2 years
in a child with a normal heart . Other causes of ventricular
tachycardia in infancy are a prolonged QT interval and myo-
carditis . We recommend that infants with incessant ven-
tricular tachycardia undergo anatomic cardiac catheteriza-
tion and electrophysiologic study . If medical therapy fails ,
exploratory thoracotomy with ablation of the area of tachy-
cardia is indicated and may be life-saving.
Idiopathic Prolonged QT Interval in Children
Previous investigations (6) of the prolonged QT interval
syndrome have involved mainly adult patients . We recently
completed an investigation of a large series of children from
our institution to determine : I) whether the clinical features
of this syndrome in children differ from those in adults, and
2) whether certain features in these children are associated
with syncope or sudden death. Criteria for inclusion in the
study were a corrected QT interval (Bazett's formula) of
0.45 second or more on routine electrocardiogram and an
age of 18 years or less at presentation to the physician.
Clinical features. We found 26 patients meeting our
criteria. Their ages at presentation ranged from 6 months
to 18 years (mean 11 years). The follow-up interval averaged
2.3 years . Of these 26 patients, 14 presented with a history
of syncope . Seven of these 14 patients had a cardiac arrest ;
4 of the 7 died and I survived with severe neurologic im-
pairment. The remaining 12 of the 26 patients were asymp-
tomatic . In comparing those who had syncope with those
who did not, the only factor that seemed at all related was
the corrected QT interval. A corrected QT interval of 0.50
second or more occurred in 50% of the asymptomatic pa-
tients but in 71% of the patients with syncope. We therefore
compared the 16 patients with a corrected QT interval of
0.50 second or more with the to patients with a shorter
corrected QT interval. About half of the patients in each
group had a 24 hour electrocardiogram and the findings were
significantly different; four (56%) of the seven patients with
a corrected QT interval greater than 0 .50 second had more
than 10 uniform premature ventricular complexes per hour,
compared with one (13%) of the eight with a shorter cor-
rected QT interval (p < 0.05). No patient with a corrected
QT interval less than 0 .50 second died, whereas 4 of 16 of
those with a corrected QT of 0.50 second or more died . No
patient died without having had a prior syncopal episode .
Treatment. All 26 patients had treatment prescribed :
propranolol in 19, a long-acting beta-adrenergic blocking
agent in 5 and phenytoin in 2. Six of the seven with previous
syncope are asymptomatic . The one patient who continued
to have syncope had been taking propranolol and had had
a pacemaker implanted . She underwent left stellate gangli-
onectomy and has been asymptomatic for the past 6 months .
In conclusion, 14 (56%) of the 26 patients had a history
of syncope or cardiac arrest. Although no patient died with-
out a prior syncopal episode, we recommend treatment in
all patients with a prolonged QT interval even if they are
asymptomatic because the initial presentation in three pa-
tients was a cardiac arrest and one of these patients sustained
neurologic damage.
Postoperative Tetralogy of Fallot
Tetralogy of Fallot is the most common form of cyanotic
congenital heart disease . Although anatomic and physio-
logic correction during open heart surgery is possible with
a low early mortalit y, sudden death occurs in 0 .50 to 6%
of these patients within 3 months to 20 years postoperatively.
Ventricular arrhythmias and hemodynamic state. In
1972, Wolff et al. (7) found that 67% of those patients who
died suddenly and unexpectedly after repair of tetralogy of
Fallot had the pattern of right bundle branch block with left
axis deviation. Premature ventricular complexes were also
found in 67% of those patients who died suddenly, but the
investigators considered the conduction disturbance to be
the major problem in these patients. In 1979, we performed
a follow-up study (8) on 207 patients after repair of tetralogy
of Fallot ; 3.4 % died suddenl y and 100% of these patients
had premature ventricular complexes on the electrocardio-
gram at rest. None of these patients had had complete right
bundle branch block with left anterior hemiblock. In ad-
dition , 88% of the patients who died suddenly had an in-
creased right ventricular systolic pressure of 60 mm Hg or
more and 100% had an elevated right ventricular end-dia-
stolic pressure greater than 8 mm Hg. Because the finding
common to both studies was the ventricular arrhythmia, it
seemed likely that most of the late deaths were due to ven-
tricular tachycardia and ventricular fibrillation rather than
to late sudden complete atrioventricular block. Since that
time, other studies (9) have confirmed these results . Al-
though premature ventricular comple xes are statistically re-
lated to a poor hemodynamic result after repair of tetralogy
of Fallot, many patients with such complexes have a good
hemodynamic result without severely elevated right ven-
tricular systolic pressure, elevated right ventricular end-di-
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astolic pressure or a residual ventricular septal defect. How-
ever, those patients who die suddenly seem to have the worst
hemodynamic results.
Electrophysiologic findings. To understand this rela-
tion in more depth, we performed electrophysiologic studies
of 27 patients I to 13 years after repair of tetralogy of Fallot
(10). They were aged 2 to 27 years at the time of electro-
physiologic study. The patients were classified into three
groups. The first group consisted of 13 patients who under-
went this study as part of a routine postoperative follow-up
study. On the routine electrocardiogram, 8% of these pa-
tients had premature ventricular complexes and on 24 hour
electrocardiogram, 31% had greater than Lown grade 2 ar-
rhythmia. At electrophysiologic study in this group patients
undergoing routine follow-up after repair of tetralogy of
Fallot, 8% had induced nonbundle branch reentrant beats
and 23% had induced nonsustained ventricular tachycardia.
None had sustained ventricular tachycardia. It is notable
that in our studies of 78 children with an otherwise normal
heart undergoing electrophysiologic study for supraventric-
ular tachycardia, when we attempted to induce ventricular
arrhythmias in these patients with the same protocol, none
of the 78 had even a single nonbundle branch reentrant beat.
In the second group were patients who had undergone
repair of tetralogy of Fallot and were referred for electro-
physiologic study because ofventricular arrhythmia. During
the study, 40% of these patients had no bundle branch reen-
trant beats induced and 20% had nonsustained ventricular
tachycardia. There was an extremely good correlation of
patients with multiform premature ventricular complexes,
couplets and ventricular tachycardia on 24 hour electrocar-
diogram with the induction of either nonbundle branch reen-
trant beats or ventricular tachycardia in the catheterization
laboratory .
In the final group were four patients referred for elec-
trophysiologic study because of syncope. Only one of these
four patients had premature ventricular complexes on rou-
tine electrocardiogram. None of them had right bundle branch
block with left anterior hemiblock. On 24 hour electrocar-
diogram, only three of the four had any ventricular arrhyth-
mia, and one of these three had only infrequent uniform
premature ventricular complexes. However, during the e1ec-
trophysiologic study, two of the four had nonsustained ven-
tricular tachycardia and the other two had sustained ven-
tricular tachycardia.
On the basis of this study, we concluded: I) the preva-
lence of ventricular arrhythmias on the surface electrocar-
diogram as well as during electrophysiologic study indicates
that both are overly sensitive methods of predicting sudden
death; 2) if there are multiform premature ventricular com-
plexes, couplets or ventricular tachycardia on the surface
electrocardiogram, ventricular arrhythmias are likely to be
induced at electrophysiologic study; 3) patients with syn-
cope may have an entirely normal 24 hour electrocardiogram
and still have ventricular tachycardia induced during e1ec-
trophysiologic study; and 4) no patient with an entirely
normal e1ectrophysiologic study had syncope.
Treatment. We currently recommend antiarrhythmic
treatment of the patient who has had repair of congenital
heart disease involving a right ventriculotomy who has I)
multiform premature ventricular complexes, couplets or
ventricular tachycardia on either routine electrocardiogram,
treadmill testing or 24 hour Holter monitoring; and 2) fre-
quent uniform premature ventricular complexes (> 10th on
a 24 hour electrocardiogram) if there is a poor hemodynamic
result or the patient is symptomatic with syncope or pre-
syncope. This patient, as well as any postoperative patient
with syncope, should have an electrophysiologic study. Any
postoperative patient with induced nonsustained or sustained
ventricular tachycardia during electrophysiologicstudy is
treated. For treatment, we have found phenytoin and mex-
iletine to be quite effective in 85 to 90% of such patients.
Our end point of treatment with these drugs is to reduce the
grade of arrhythmia on the Holter recording so that there
are no episodes of ventricular tachycardia in two consecutive
24 hour electrocardiograms, and we prefer there to be fewer
than 10 uniform premature ventricular complexes per hour.
With use of these treatment strategies since 1978, there
has been one sudden death in a patient who had undergone
repair of tetralogy of Fallot who had documented complete
atrioventricular block and pacemaker failure. No other sud-
den deaths occurred. In comparison, during the 10 year
period from 1968 to 1978 there were 11 sudden deaths, 10
in patients with preceding ventricular arrhythmia.
Conclusions. I) Because the incidence of ventricular
arrhythmias increases as the interval since surgery increases,
it is likely that the "natural history" of sudden death after
repair of tetralogy of Fallot would also increase with longer
follow-up time. Fortunately, this natural history has been
interrupted with treatment. The true incidence of untreated
ventricular arrhythmias in these patients will probably not
be known.
2) In determining treatment strategy in postoperative pa-
tients, it is important to remember that the incidence of
uniform premature ventricular complexes is approximately
50% and that all of these patients cannot be treated. Because
multiform premature ventricular complexes, couplets and
ventricular tachycardia do correlate with inducible ventric-
ular arrhythmia in the catheterization laboratory, these pa-
tients should be treated. A negative Holter recording does
not rule out the presence of episodic ventricular tachycardia
causing syncope.
3) The electrophysiologic study is helpful if results are
negative. We have not had a patient who had syncope or
sudden death who had no inducible ventricular arrhythmia
during the electrophysiologic study. However, there are a
few patients who have an entirely normal noninvasive di-
agnostic work-up and have inducible ventricular tachycardia
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during electrophysiologic study. These patients are worri-
some. The treatment of such patients varies throughout the
country; at present, we treat such patients. The follow-up
study of those patients who are not treated will determine
whether they eventually develop ventricular tachycardia
clinically. In the future. electrophysiologic testing may be
an important routine part of the assessment of a patient after
repair of tetralogy of Fallot.
4) Currently, when there is doubt as to whether to treat
a patient, we prefer to offer treatment with a benign drug
(such as phenytoin or mexiletine) rather than expose the
patient to the possible risk of sudden death.
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